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© Metal foil with Improved bonding to substrates and method for making said foil. 

<P) A metallic foil with improved bonding to substrates is disclosed which has on a surface 

said fire. metal W The ^proved toil to useful for a wide range of applications that benefit from the .mproved 
i^rS^ISudli eiectronic devices such as printed circuit boards and solid state swtches. 
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This — n » - *«*p-- «- r^rr^ s 

to make electronic de-ices and a process or rnata^soc ' '^J^T^.S Wis and substrate, and 

component technologies. A separate field of technology has the prim ary 

useful in such industries to achieve property .useful* J™"* 

means by which desirable properties are added to metal foil «*J*^£lS£ having microscopic 
ion-containing baths. Such processes have been ' -J» *> PjJS ^ to other materials, 

dendritic (i.e.. tree-like or nodular) structures to aid m ^««J^^ t „ elw ^ ^pemh,,, 

zzssxvzz = — =,. ^. — — 

«*■ «s. ar. - P "o^4S ££C ISKTpc. — solid 

by .l,otroder»slt«» processos^Sach ^^^h'i,,,,, aOTeral , y owning copper sulfate and 
=££d°: L^r^a.r^'S^.n.a,. voU is applfcd bet»~n »e a~de and 

diges«ng, a rr** copper '^Sp^IU.oi! c»Wn. no disr.paons 

subjected to an ntensive purification process to ensure nun mo k colution 

3* disc— s. Various '^SS^S^S^SSS^ — *. 

The solution is pumped into the EFC and when voltage , i ™ h of rotata ble 

electrodeposition of copper occurs « » # c - 1 !^ J^SSS'JS vE%T^ 
cylindrical cathodes (drums) that may be of vanous dMB ^ «™ ^ ThQ an P odes Really are 

side, for enhanced bonding and pee. strong* *J^J > ^^^^J^^L enhanJbonding 
treatment involves ««J a ^^SSL. barrier, which may be brass, 

and increase peel strength. The foil may also »««"™ P d ^ a s^izer 

to prevent peel strength from decreasing with temperature. Finally, tne ion m y 

to prevent oxidation of the foil. conductive foil with a different metal is that 

poor results may be measured as low or inadequate peel sttengt .values and/or y 

eiectrodopos^ed layers, tw ^.^prising a mettl flash unUomUy deposited r»e, said «rsl 
ZTcZSn, a SoT*ou« . U Z2£ mett, c«,.rLn seR, « «« and a ttd layer comp,,s,n 0 
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(^eTJctrodepositing over the dendritic deposit of (A) a meta. flash comprising a major amount of a 

second meta. other than Mmdtal ' ° f ^^dendritic deposit of a metal layer comprising a major 
(C) electrodepositing on said metal flash ot (B) a aenanuu 

""tLs preferred futures and embodiments of -ho present h™*.- - * b, «, .. 

no^limitlng example »«, reference to the *T^J ^Le-to. of copper toil having 

havino an upp« matfe side and • ""-T"? s ^'* ££XZZL and tan aoaked in 
accordance with step <B) * ^^c£«£*ow th. contour, of the nickel flash, 

acid to etch away the copper under the "^"J 5 " » "™ c » ^section of copper foil farted 
S a ^^ZX*=n'«IT^:rnS ,n accordance - emhodimen, o, the 

present invention. maanification of another cross-section of copper foil 

S2i.sr« «r^u" riu*. co^r und» «, *«. _ » — 

the contours of the nickel profile. . adhered to white paper, each outlined 

legend over each. -dendritic" as used herein refers to microscopic 

For the purpose of the present .nvenfon the term dendnjc as u ce Methods for 

metallic structures on a metalhc surface wh.ch have a treefcto - Writes can be obtained for most 
obtaining dendrites on a metallic «o,l are Xa tth caning metal ions at a lower 

electrodepositable metals by conducting ele ^° de P°^ °" ™ ^ norma|| us a ed t0 obtai n a smooth 

describe typical processes for l"*^*"**"^ dendritic deposits, and what the 

Included as dendritic deposits are h.gh profile, well "^^f^?^ -J^ dusty" dendritic 
inventors identify as "dusty" or "very dusty" dendn .c £"J^J^ ^Jjve test. X, adhesive 
deposits can be distinguished I front , non-dusty to the matte side, 

tape of the type known as Scotch brand™ <3M) t rmpront ^y^J ^ aceofmetaipafticies 
stripped off at a 90 degree angle and appUed ^ ^l7>P^s on the tape, it is 

^d^d^ 

"dusty" and "very electrodeposited coating having a low 

non-dendritic coating. Qrtrt .^H *t a thickness which is less than the profile of the 

den^a^'S^^^ 
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average prof* heigh, may be dot-mined tataed on , ^"S^ -0% o. 
» may net be more «jj-«M Sjicron* 

facilitates application of a uniform metal flash P i ect rodeDOsited dendritic layer of metal. In a 

trodeposition conditions used to produce j^ 8 , ^^^^^2^., when different metals are 

^ ,on concon«lon '^^^"a^'the SStn^SSL. used to apply a dendntle 
used to apply .he metal flash is * "-"J"" L etaarodeposition of nickel Irom a nickel elec- 

„ layer. In on. embedment, a «<*«<»■*« ^ „ s 1L „, Jke, pe, liter of electrodepoaHlen bath. 
ffooVposltlon baO> <^™*Z£ZL t ZS^^S^Laim or dendritic deposition «ary from 

" "T^2»££ » 2c2t W%F S. concenSflon is in the tango tram about 24 to .boo. 

Sr olH lea loCoCs o, a r*a«e pe, lile, and abou. 22 to about 28 ppm ct*»* »n may be 
T^^SESE £2£ ,n nv*in 9 « loll o, the present itwenticr, The m.«c tol, can 
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platinum, silver, gold and indium. / ^ mnri « !( ,« ! a ma ior amount of a metal different from the 

As mentioned above, the third layer generally compnwa ma or dendritic 
major amount of metal in the dendritic f.rst fcyen Any s ^ ^ m 

deposit capable of adhering ^^X^^^^^ P resent in «" meta ' ^ 
preferred major amount of metal in the third layer is tne improved metal foil of the present 

Additional layers of e.ectrodeposited metals may ^f™"XeteZ£c first layer and the metal 
invention. A .ayer of brass, for example may be .nterposed J^J^^^i,^ to prevent peel 
flash second layer to provide a therma ^"^^^"^ Tfcrtn-Bd printed circuit board 

mentioned above, the meta.lic foils of the P"-^ 
applications which retire • ^S? ^ ^K^^S foil laminates may be 

about 12 ,bs per inch - 

often is at .east'about 13 ibs. per inch, and may be about 14 ^or more £ peMncf, 

There has been a need for conductive ^^^"^^te^C!!*. in harsh environments, 
thermomechanical stress due to increasing rel.ance upon JW^mJ vehjc|es such as cars> 
Electronically controlled devices are becom,ng > ^'J^^^i^ld in equipment used in 
trucks, and heavy equipment, for m.croprocesso control of ^^fj^ mecnanic al stress such as 
industrial environments which subject the craft ^J^J^^^S^ etc. Stress may also be 
electronic chemicai or metallurgical process centre ° treatment transfer 

induced due to harsh ^raphi^^^ inventiorii while addrti ona. 

ZtZTJ™ rfa major amount of at .east one other meta- on the 

M ^ One f °embodiment which can be used to illustrate the present invention is a nickel treatment process on 

copper treatment. This process may be < "f c ^ " ™7JL electrodeoosition of copper under conditions 
(1) Obtain a copper foil lhavin S , . -f^^ or high profile 

ZZ""^ ^ inventus often achieved with a high profile 

(3) Apply a nickel flash lo this matte surface of stap (1) or step M. me -» 
s, copper treatment and prep™ Ito toll to, ^ » sural* tor dendritic deposition. 

^TiT,£T£^^£T%nrZ* htoher pea, and less — 

pTrrndSr^'rafiarr^— - — >■ 
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Example 1 

5 baths. The conditions of the first bath are as follows: 
100 ± 15 grams per liter Ni 
40 ± 5 grams per liter boric acid 
4 * 0.5 pH 
110 ± 5 # F 

io 1 00-1 50 ASF current density n 
The term "ASF" refers to "amperes per square foot. 
The conditions of the second bath are as follows: 
25-30 grams per liter NiCb 
65-75 grams per liter NhUCI 2 
T5 5.6-6.0 pH 
63-67* F 

600-750 ASF current density underdone electrodeposition in the first bath is shown in 

A cross-sectional view of copper fo.l after has ■ maior DOrtion of the cross- 



20 



25 



30 



A cross-sectiona. view of copper tou a™ r^^^^^^ ma jor portion of the cross- 
Figures 1 and 2. The copper fo.l appears » the ^ter^wc 9 the uppef and 

section material and the nickel ™«*^%Z^^^^ portion with the rough profile 
lower contours of the copper fo.l material when look.ng at Figure 1 V^^ , ^ h|c|l has been etched b y 

formation of large nodular nickel dendrites along the upper proine or m ■ 

wav as the cross- 

Figure 4 shows a similar cross-section *j de « tne copper foil and nickel. 

Sl M, layer sM dose,, Mows the nog. contour ol the coppo. to* matte sde. 
Example 2 

™. copper M o. u. ex-mpte <> *~>* *• Z'J^^'Z^ZgZiTJZ 

jr^rnr^T^ — - — - 

attributes. 
Example 3 

so qualitative tape adhesion test described above. 
Example 4 
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TO 



FR4- lamtaUlor, la v*ich 4 inch by 1/2 «K» W*» ™ ™ § md H ,„,„„„, al 350* F tor 

distance of at least one inch). 8620 ™ hich me asures nickel 

Nickel layer thickness may be measured using an Asoma iwoae. o 

thickness by X-ray fluorescence. rnmriare d with the results obtained with copper foil 

Table I below: 

TABLE I 
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Example 
No. 



Peel Strength and Nickel Thickness Results 



Treatment Stage 



Before Ni flash 
After Ni flash 
Present invention 



Before Ni flash 
After Ni flash 
Present invention 



Before Ni flash 
After Ni flash 
Present invention 

Before Ni flash 
After Ni flash 
Present invention 



Average Peel Strength (lbs/inch) 



9.6 
9.6 
13.1 



11.1 
9.6 
12.9 



8.4 
10.1 
12.8 

10.3 
11.6 
13.5 



Nickel Thickness in 
Microns on Matte Side 



1.1 

2.2 

1.0 
2.4 



nronarpd aecordina to the present invention has a higher 
As can be seen from these results the ^^J^^^ c P opper foi , with the nickel flash. 

While the invention has been explained in "^J^^T^^Z the art upon reading the 
modifications as fall within the scope of the appended claims. 



Claims 



45 1. A metallic foil having on a surface 



thereof three superimposed electrodeposited layers (a), (b) and (c) 



50 



55 



wherein: 



the first layer (a) 



adjacent to said surface comprises a dendritic deposit comprising a major amount 
° f ^TSn'd layer <b) comprises a metal flash uniformly deposited over said first layer comprising a 

said first metal. 

2. The foi. of claim 1 wherein said third layer comprises a dendritic deposit comprising a major amount of 

said second metal. 

3. The foi. of either of Cairns 1 and 2 wherein said foi. is a copper foil, said first metal is copper and said 
second metal is nickel. 



4. 



5. 
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The foil of either of claims 1 and 2 wherein said foil is a copper foi., said first meta. is copper and said 
second metal is tin. 

s second metal is palladium, platinum, silver, gold or .nd.um. 

second metal is nickel. 

, 0 7 . The foil of either claims 1 and 2 wherein the foi. is a copper foi.. said first meta. is zinc and said second 
metal is tin. 

8. The foi. of either claims 1 and 2 wherein said foi. is a copper foil, said first meta. is zinc and said 
second metal is palladium, platinum, silver, gold or indium. 
" 9. The foi. of any preceding claim wherein the foi. further comprises a .ayer of brass interposed between 
said first layer and said second layer. 

10. The foil of any preceding claim wherein the average « — " "* 

greater than about 10% of the average profile height of sa,d first layer. 

,1. The foi. of any preceding claim wherein said meta, flash has an average thickness of not more than 
about 3.0 microns. 

25 ,2. The foi. of any preceding claim wherein the foil has a pee. strength of at least about 12 lbs. per inch 
based on GE-FR4™ lamination. 
13. An electronic device comprising at least one metallic foil according to any one of claims 1 to 12. 
30 14. The device of claim 13. wherein the device is a printed circuit board. 
15. The device of claim 13 wherein the device is a solid state switch. 

J'SSS*, ovo, th. *!»* of (A) a metal flash contpm** a m*> amount d a 

40 of a metal other than said first metal of (A). 

17. The process of claim 16 wherein the major amount of metal of step (C) is a major amount of said 
second metal of (B). 

« 18. The process of either of claims 16 and 17 wherein step (B) is conducted at less than one-half the 

current density of step (C). 

19. The process of either of Cms 17 and 18 wherein f^^^^^^Tl 
aqueous bath containing a salt of said second "^^f J^SS.™ said second metal not 

50 !SSS2^"3 SSSTi ET« ^ - (B) . 

20. The process of any one of claims 16 to 19 wherein said foil is a copper foil, said first meta. is copper 
and said second metal is nickel. 

55 21 The process of any one o, claims 16 to 20 wherein the e.ectrodeposition of step (B) is conducted at an 
" average current density less than about 300 amperes per square foot. 
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22 The process of any one of claims 16 to 21 wherein the electrodeposition of step (B) is conducted at a 
' average current density less than about 200 amperes per square foot. 

^ ifi to 22 wherein step (B) comprises immersing said foil in an 

. a zrs^z/rpH rr» - - — — - - * — 30-0 

comprising at least 60 grams per liter nickel. 
24. The process of any one of claims 16 to 23 wherein the major amount of metal of step (C) is nickel. 

- ~f H a im«: if? to 24 wherein step (C) comprises immersing said foil in an 

comprising less than 60 grams per liter nickel. 

ssajssr: see- - * . — * — — --*« • — 

20 of a metal other than copper. 

27. The process of claim 26 wherein the major amount of meta. of step (C) is the same as said second 
metal of step (B). 

2S 28. The process of either of claims 26 and 27 wherein said second metal is nickel. 

29. The process of any one of claims 26 to 28 wherein the copper foil of (A) comprises a brass thermal 



barrier. 
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FIG. I 




FIG. 2 
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FIG. 3 




FIG. 4 
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VERY DUSTY 



FIG. 5 
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